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What’s the difference between primary, secondary,
and college teachers?

neir kids
neir subject matter
nemselves




Context for Our Work

NSF-funded Seeds of Science/Roots of Reading
Program

Collaborators: UC-Berkeley’'s Lawrence Hall of
Science and Graduate School of Education

Revision of GEMS units to integrate literacy with
firsthand science

Curriculum development and research



A caveat!!!

These materials are available commerically

NSF requires us to find a publisher for
purposes of dissemination and uptake

All royalties go back to LHS for future R&D;
no individuals get a dime.

But | need to be up front about that

Nothing we do today absolutely requires the
use of these particular materials

It's all about problem-based learning and
Integrated instruction.



Why integrate science and literacy?

*Benefits
Pitfalls




What are some pittalls?

Texts eclipse students’ involvement in inquiry
science

Use of texts leads to science as declarations of fact
(not scientific enterprise)

Trade texts frequently include misinformaiton and
promote misconceptions

Science Is too often memorization of words

Science texts are too hard—not within students’
Instructional reading levels

Science takes time away from important literacy
skills—literacy is essential; science is a luxury

N



Why integrate science and literacy?

There are limits to learning from both text and
experience

Reading and writing (and langauge) are authentic to
Inquiry science

Reading and writing best reside in a content area

Congested curriculum: finding time in the day for
science

Evidence of mutual benefit



Agenda for Today

Introduce 3 Guiding Principles of Science-
Literacy Integration through answering these
guestions:

How can science be used as a context for literacy
learning?

How can text be used to support rather than eclipse
INnquiry science?

What goals for knowledge, skills & strategies are
shared between science and literacy?



Model Instructional Sequence

What is sand composed of?
Where does sand come from?
How Is sand formed?
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Read About Beaches and Shorelines

A Sandy Beach
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Many beaches are covered with sand Sand can be
made from different things Rocks, bonss, and shells
can become sand. Waves can break these materials into
small pieces. Very small pieces are called sand grains.

Waves can carry sand to the beach New sand also
comes from the mountains. Rivers bring this sand to

the beach. Sandy beaches form where a lot of sand
is carried to the shoreline.
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These pictures show tiny sand grains close up.
Can you tell what those grains are made of?
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Read About Beaches and Shorelines

Sets context for investigation of sand

Introduces important vocabulary and
foundational concepts

a Shoreline is a place where water meets land
o There are shorelines all around the world

o A sandy beach is one kind of shoreline

o Beaches are covered with materials, such as
sand or coral

Provides opportunities for the development
of powerful world knowledge

12



Investigate a Model Beach
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Investigate a Model Beach &
Discuss

Learn about models
Gather evidence about origin of beach objects

Provides a context for the development of
academic language: beach, shoreline, sand,
coral, materials, minerals, observe, evidence,

model

Read-Investigate-Discuss

14



Investigate Composition of Sand

Tools

*Sand
cards/packets
*Magnifying
glass

*Mineral Card




Investigate Composition of Sand

Use tools to gather additional evidence about the
composition of sand

Observe sand and record observations: beach,
shoreline, sand, coral, material, mineral, ocean,
force, composition, observe, evidence, model,
Investigate, explain, record, tools

Read-Investigate-Discuss-Investigate-
Write
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Investigate a Model of Sand Formation
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Investigate a Model of Sand Formation

Learn more about models
Gather evidence about the formation of sand

Begin to infer that sand is made of many of the
things they found in their model beaches

Use academic language in the context of
investigations...mineral, force, ocean,
Investigate, explain

Read-Investigate-Discuss-Investigate-
Write-Investigate

18



Read to Inform Investigations

19



‘ Read

Gary’s Sand
Journal

by Gary Griggs, Catherine Halversen,
apc_! Craig Strang’
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SEEDS |
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Observing Sand

Hi, my name i Gary I'm 2 shoreline scientist | collect Take a closer look at some sand
sand from beaches all over the world The sand from grains What do you observe now?
every beach is different and beautiful Take a lock at the
sand | have collected What can you observe about it?

The closer | obsarve sand,
the more | learn. But the more |
learn, the mare questions | have
Scientists ask many questions
Here are some of my questions
ahout sand

¢ What 1s the sand
composed of’

¢ How did the sand
become sand?

* How did the sand get
to the beach?

ﬁ The answers to my questions

. are explanations | make my
! explanations based on evidence
g Where do | get my evidence? |
Heca 1t Some sand | colteciad. observe | notice things like the

luse a tool to
see sand close up,
4

Each kind Is from a different beach. size, shape, and color of the sand




The Color of Sand

Sand comes in all different colors. Color is
important evidence. it helps me figure out what
the sand is composed of.

Black sand is often
composed of lava rock.
Hot lava sometimes flows
from volcanoes to the ocean
The ocean cools the lava It tums
into hard, black rock- Waves
crash on the lava rock. The rock
breaks into smaller pieces and
becomes sand. Then the waves
carry the sand grains to the beach.

Some white sand comes from coral Coral
animals live stuck together in the ocean, making
up a coral reef Waves break off pieces of the coral
reef. The hard parts of dead coral animals break
into sand. Waves carry the sand to the beach,

Some white sand comes from shells. Clams
and other animals with shells live in the water near
the beach After they die, waves break their shells
into sand.




‘ Blow up tfrom Gary’s Sand Journal
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E)(p!ana.’fon: My evidence tells me there
may be a volcano near this sandy beach, Black
sand usually comes from lava rocks. Lava comes

from volcanoes.

The sand grains are small. This 15 evidence
of small waves. Small waves can only move
small things.

The sharp sand grains show that fhis is
new sand. It has not been around long enough
to become rounded. Lava must have flowed

of

cut of the voleano not long ago.

\.-:r!'tu?‘ _s, 0"1&} j

| can tell that many animals live in the water
near the beach, My evidence is the white grams
of sand. White sand usually comes from the hard
parts of dead animals, like shells and bits of coral,

Notes: What the evidence tells me makes sense.
| collected this sand in Hawan, not far from a
volcano. | visited the voleano, too. | saw lava flow
right into the water.




Read to Inform Investigations

Read a book (Gary’'s Sand Journal) that
models observation and recording

Provides additional evidence about
composition and formation of sand to inform
investigations...scientist

Read-Investigate-Discuss-Investigate-
Write-Investigate-Read

25



Discuss Evidence and Explanations
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Discuss Evidence and Explanations

Use information from investigations and text
to make inferences about the age, origin, and
formation of sand.

Share evidence with others.

Discuss a new sand, using all of the
vocabulary they have learned and language
of argumentation structures.

Read-Investigate-Discuss-Investigate-
Write-Investigate-Read-Discuss and

Write



Guiding Principle 1: Engage students in
firsthand and secondhand investigations to
make sense of the natural world.

m

Experience Text

~_/



Roles of Text in Inquity Science

Provide Context
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Roles of Text in Inquity Science
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Roles of Text in Inquiry Science

Provide Content 3““@32.‘1, st ey
P Snad g, ME . 2 . Handbook of Sandy
Beach Organzsms

Beach
Postcards

The Black Tlde

by uk.oh Pacizoau

What Lives on
a Sandy Beach?

by Catharine Halversen .-I\’r,
Bustrated by Rarboara Schaffer

Gary’s Sand
Journal

Ly Gty Bl gge. Catthu ring WA Ve wn
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5 What's Stronger?

The Forces That Cause Erosion
by Lincain Bergman and Jacquelins Darber




‘Trade books

You prow and pow,
Mt and Sl of Howers.
unth one day




Delivering Content

AET " S-READ-AND-PIND.OUT SCIEMCE"

fats are sho good hunters because they are expert fllens Thew
wings are different from bird wings. Bat wings have long a¢m Bones
with extradong finger boass. A thin skin called a mambrane
strutchas betweon the booes. The membrane connects the wing
bomes 10 the bat’s logs and body. It may also join the 1all to the legs



Delivering Content
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‘ Modeling
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Support Secondhand

Investigations




Supporting
Secondhand
Investigations

THE DOMINE WORLD OF AMPHIBIA

INTRODUCING

Their Characteristics

Characteristic

Skin

| CRs & Feet

Habitat

Movement

FI'H;.'\

T. i.hl\

Usually thin,
smooth, and moist,

Back feet are
webbed, front feet
have no webbing,

Usually hive in

OF near water.

Usually quite active,
tend to jump.

Usually thicker and
drier, often marked
by small lumps.

Front and back feet
have almost no
webbing.

Usually live on land
some distance away

from water.

Usually less active,
tend to crawd or h .

. Some toads have slimy skin and look like frogs. And

swne frogs have wart-covered skin and look like toads!



Support
Firsthand

Investigations




KEEPING MINIBEASTS

SNAILS Support
SLUGS Firsthand

Investigations

Setting up o tank

Put 2 or 3 inches (5 or 8 cm) of grovel on
the bottom of the tonk. Make sure this IS
alwoys kept moist

Over this put o layer of domp soll and leaf
litter and add a couple of large stones. Moke
sure thot your soil has not been sprayed with
chemicols.

Your stones should be arranged so thot the
snails can get! underneaoth. Ideally, the soil
and lower layers of the leoves should be
molst and the upper layers dry




Textbook Examples
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Ask a Chemist

eryl Baker’s teacher
asked her fifth-grade
students to do a career

Interview with chemist report for an assignment.
connects the students' St e A

Work W|th m |Xtu res and out what chemists do, she

made an appointment to talk

SOI utl ons to Wh at with Angelica Stacy, professor :
. of chemistry at the University
C h emists d (0] of California at Berkeley. A, - /
Beryl had this interview with g
Professor Stacy. Beryl Baker and frie

We are studying mixtures and solutions in our class. My teacher
said people who work with mixtures and solutions are called
chemists. What does it mean to be a chemist, and what does a
chemist do?

X3 That's a good question. Chemists do study mixtures and
solutions, but they also study all other forms of matter,
including gases and solids. We study their properties
and try to find out why they do what they do. We then
use that information to make new things. Chemists
make many of the things around you. The material of
your jacket, the dye in your jeans, medicines, plastics,
and lots more.




A story about two
students doing an
Investigation: models
Important aspects of
the inquiry process like
guestioning, measuring
carefully, etc.

Making Food

aco and Eva learned that plants produce food. If that’s

true, they thought, then plants should increase in mass as

they grow. But where would the mass come from? Paco
and Eva decided to find out by doing an experiment.

Paco got a bag of beans, and Eva filled a big tray with sand.
They set up their experiment like this.

1. Weigh exactly 500 grams of beans.
2. Plant them in exactly 10,000 grams of sand.

3. Put 1 gram of fertilizer in 10 liters of water
and use it to water the beans every day.

4. After 3 weeks carefully dig up the bean plants
and weigh them.

The two students ran their experiment. When the
3 weeks had passed, they dug up and weighed the bean |
plants. The mass of the plants was 565 grams. :

Paco and Eva brought their results to class and
presented their conclusions. They concluded that plants do make
food. Their evidence was the increased mass of the beans.

Students in their class had questions for Paco and Eva.

« How do you know the increased mass was food produced
by the beans? Maybe the beans just soaked up water.

« Where did the mass of food come from? The sand?
The air?



Experimental Results

Data from After the plants spent 3 weeks in the experimental chambers,
the same Paco and Eva carefully removed them from each tray of sand.

: _ _ They dried the beans and the sand completely;, and weighed them.
Investl g ation The masses of the plants and sand are recorded in the table below.

used as the
"Modeling"

example, for 500 551 10000 | 10,000

500 552 10,000 | 10,000

students to 500 500 10,000 | 10,000

analyze and 500 549 10,000 | 10,000

draw 500 500 10,000 | 10,000

. 500 500 10,000 | 10,000
conclusions.
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Classification

ost vascular plants have leaves. The leaves on one
kind of plant are different from the leaves on other

I i ke p a g e ab O ut kinds of plants. Scientists can use leaves to identify

plants. But with so many different kinds of plants in the
world, how do scientists use leaves to identify plants? The

WayS to C I aSS ify answer is classification systems,

Leaves have properties that can be used to organize them
. into groups, or classes. In class you used the pattern of veins in
I e ave S d e S I g n e d the leaves to organize your leaf collection. You organized the
]

leaves into three classes, palmate, pinnate, and parallel.

to use with a first- |
hand investigation
In which students

C I aS S i fy I e ave S Orther properties can be used to classify leaves, too. Leaves

A reference-book

’

have shape. Some are long and pointed. Others are round.

Leaves can even be square, triangle, or heart shaped. You can
classify leaves by the shape of the blade.
Square Heart P e /

Spasr Triange Round Neagln

105



The Roles of Text

in Inquiry Science

Provide context Connect to the world
outside the classroom

Deliver content Read to learn about science

Model Demonstrate a process or disposition

Support secondhand investigations | Provide data for students to interpret

Support firsthand investigations Provide information for investigations




Text and Inquiry

Provide Deliver Model Support Support
context content secondhand | fjrsthand
inquiry inquiry
1 Explore the topic X X X X
2 Ask a question X X
3 Make a hypothesis X X
4 Plan and conduct an X X
investigation
5 Record and organize X X
data
6 Analyze results X X
7 Make an explanation X X X X
based on evidence
8 Ask a new question X X
9 Communicate-results X




Text and Learning Cycle

Provide Deliver Model Support Support
context content secondhand firsthand
Inquiry inquiry
Engage X X
Explore X X X
Explain X X X X X
Extend X X X X
Evaluate X X X




Authenticity 1n Science

Provide Context ‘ Scientists read to situate
research

Deliver Content ‘ Scientists read to learn
findings

Modeling ‘ Scientists replicate others’
procedures and experiments

Supporting Second- ‘ Scientists read and interpret

hand Investigations others’ data and findings

Supporting Firsthand ‘ Scientists use reference books
Investigations




Guiding Principle 2:
Engage students through multiple learning
modalities

The Seeds/Roots Approach

Inquiry-Only Approaches Text-Only Approaches
Do It

Talk It

Hands-On Ex| Reading
Read It

Discussior Write It Writing



Multiple modalities with sand
activities...

What did you get from reading that you
couldn’t get from doing alone?

What did you get from doing that you
couldn’t get from reading alone?



Guiding Principle 3: Capitalize on
Synergies Between Science and Literacy



Synergy 1: Words ARE Concepts

Learning the academic language of science
means forming rich conceptual networks of

words

Word knowledge at its most mature is
conceptual knowledge

Words are labels for concepts and ideas

Exce

lent vocabulary development is nearly

indistinguishable from excellent concept

deve

opment



‘ Words are Concepts

If we wish to
maintain a terrarium

Habitat

in our classrooms, we
should establish
conditions that are
Shoreline consistent with the
organisms’ natural
habitats.

Habitat: the A habitat has All living things exist
place where an everything an animal within habitats and

organism gets needs to survive. have adaptations that
the food, water, The grassland habitat is allow them to survive
light, and windy with few trees. in those habitats. No

shelter that it

) one habitat can
needs to survive

support all living
habitats.

N



Which Words?Soll Habitats: Our original

vocabulary candidates. ..

absorb
adapt
adaptation
bacteria
basic needs
brood pouch
clay
clitellum
compost
conditions
decompose
decomposer
decomposition
depend

earthworm
environment

function
habitat
isopod
leaves
lifecycle
living
model
moisture
mold
nature
nonliving
Autrient

nutrient cycle
organism
oxygen
particles
photosynthesis
pillbug

plants
producers
protect
recycle
relationship
reproduce
reproduction
roots

segments
setae
shelter

soil

sow bug
stems
structure
survival
survive
temperature
terrarium
texture
vitamins
water retention

N



Which Words?

A manageable number that are:
o High-utility in the discipline (and in school)

o Necessary for understanding target concepts and
processes

o Taken together, important, related concepts




Which Words?

Conceptually-core, unit-specific words

Process/inquiry type vocabulary



Conceptually core words

absorb
adaptation
behavior

decompose/
decomposition

decomposer
depend
earthworm
habitat
Isopod
moisture

nutrient/nutrient cycle
organism
protect/protection
reproduce

root

shelter

soll

structure
survive/survival
terrarium



Conceptual Networks

Organisms called
decomposers add

nutrients to soil. Organisms are living things, such as plants and
) ) animals.
Soil «— Organism
A Soilis 3 A habitat is where an organism lives and gets
habitat for what it needs to survive.
many Habitat
organisms.
Most roots l Organisms have adaptations that help them survive in their
grow in habitats.
soil. Adaptations
\ Adaptations are structures and behaviors that help
organisms survive.
Structures Behaviors
Roots Roots are an
example of a
structural
adaptation.






Investigate

Observe

/







Inquiry Words

compare

evidence
explain/explanation
Investigate/investigation
model
observe/observation
predict/prediction
guestion

record
science/scientists



Teaching Words as Concepts

Repeated opportunities for exposure and
practice
Teach words as networks of related concepts

Teach words through text, talk, and
experience



Science-Everyday

Scientific Language

Everyday Language

conclude figure out
categorize, classify group
predict, infer guess, think
explore look at
observe, analyze, discover, see
demonstrate show
report, explain tell
explain tell, show
record write down
habitat home
evidence clues, proof




Teaching Words as Concepts

Emphasize powerful science words

o beach, composed/composition, current, erosion, force,
habitat, marine, material, nearshore, ocean, organism,
predator, prey, protect, sand, seaweed, shore/shoreline,
structure, survive

Remember...

o Provide repeated opportunities for exposure and practice
o Teach words through text, talk, and experience

o Teach words as networks of related concepts



Synergy 2: Inquiry Strategies ARE
Comprehension Strategies

Comprehension and inquiry are the
accepted meaning making strategies In
science and literacy

Comprehension and inquiry share goals
and strategies

The cognitive strategies are all about
making meaning from experience



Some Shared Strategies

Activating Prior Knowledge
Establishing Purpose/Setting Goals
Making and Reviewing Predictions
Drawing Inferences and Conclusions

Recognizing Relationships



Teaching Inquiry/Comprehension Strategies

Select a strategy that has utility in science
and in reading

Pose questions and use terminology that
Invokes the use of the strategies when
reading and when investigating

Reflect on the similarity of these cognitive
strategies



How do we know that these are really
similar across science and literacy?

First, we cede the point that the nature of
the evidence is fundamentally different

But...

o Can we see a fundamental cognitive similarity
between the processes widely used in science
and literacy?

o Can you use the same rubric to score
activities in science and literacy



Shared Strategy

Common
Questions

Example in Science

Example in Literacy

Activating prior

What do I already

Students use an anticipatory

Before reading a book

knowledge know? chart to monitor their about earthworms, students
What do I know growing knowledge of discuss what they have
now that I didn’t shorelines and the organisms | learned from their hands-
know before? that live on shorelines. on observations of
earthworms.
Establishing Why am | Before engaging in guided Having investigated the

purposes-goals

reading/doing this?
What am I trying to
learn?

What information
am [ seeking?

mvestigations of their
shoreline organisms,
students write about what
they want to learn through
their investigations.

effects of oil spills through
a series of hands-on
science activities, students
discuss what they still want
to know before reading the
book, Black Tide.

Making- What do I think is Students continually make, Students make predictions
reviewing going to happen? review, and revise their about what a habitat
predictions predictions about what will scientist is and does before
happen in a worm bin—and | reading the book Habirat
they document the growing Scientist; they review and
evidence that soil is being revise those predictions
made. during and after reading.
Drawing What does this Students gather evidence Students use a scientists’
inferences and mean? from a bucket of beach sand | sand journal to make
conclusions How do I explain x? | to answer the question, inferences about the
“What 1s sand made of”?” origins of sand samples.
Making What caused x? Students compare the Students use a reference
connections- How are x and y adaptations of different reader about substances to
recognizing related? isopods. select ingredients that will
relationships How is x like/unlike help them make paint with

y?

particular properties.




Can the same rubrics be used to evaluate
student performance in both domains?




Making Predictions

0 Makes prediction with no apparent reasoning
1 Provides prediction supported by unrelated evidence
2 Provides prediction supported by related evidence

3 Is able to revise prediction to take into account
additional evidence

4 Assesses the nature and guality of evidence



Evidence-based Explanations

0 Explanation does not refer to evidence
1 Cites some evidence to support explanation

2 Cites multiple pieces of evidence to support an
explanation

3 Synthesizes evidence to create explanations beyond
what the students have been taught

4 Assesses the nature and quality of the evidence



Synergy 3: Science 1s a Discourse

Science is all about language...but language is
more than words. Science is a discourse involving
ways of talking, writing, and being.

Learning science includes learning the ways that
scientists describe, explain, predict, synthesize, and
argue

Ways of communicating in science are different from
those of everyday life



Teaching the LLanguage of Science

Instead of avoiding scientific terminology and
register in classrooms, we embrace it

Using science terminology in investigating,
discussing, and writing about science --
because this is what scientists do

Learning the language of argumentation



Bottom line

Difficult journey

Well worth the effort
o Improved literacy
o Improved science

o Increased efficacy for
Students
Teachers




Integration 1s tough...What happens
when you try to integrate reading and
math?

The evolution of mathematics story
problems during the last 40 years.



1960's

A peasant sells a bag of potatoes for
$10. His costs amount to 4/5 of his
selling price. What is his profit?



1970's (New Math)

A farmer exchanges a set P of potatoes with a
set M of money.

The cardinality of the set M is equal to $10 and
each element of M is worth $1. Draw 10 big
dots representing the elements of M.

The set C of production costs is comprised of
2 big dots less than the set M.

Represent C as a subset of M and give the
answer to the question: What is the cardinality
of the set of profits? (Draw everything in red).

N



1980's

A farmer sells a bag of potatoes
for $10. His production costs are
$8 and his profit is $2. Underline
the word "potatoes” and discuss
with your classmates.



1990's

A kapitalist pigg undjustlee akires
$2 on a sak of patatos. Analiz this
tekst and sertch for erors in
speling, contens, grandmar and
ponctuassion, and than ekspress
your vioos regardeng this metid of
geting ritch.

Author unknown



2000's

Dan was a man.

Dan had a sack.

The sack was tan.

ne sack had spuds

ne spuds cost 8.

Dan got 10 for the tan sack of spuds.
How much can Dan the man have?




Reading and writing are better
when they are tools not goals

| f we donodét realign the u t
f

and soci al studi es may s
but ultimately reading and writing will suffer
reading and writing are not about reading and writing in

general
they are about reading and writing particulartexts that are
grounded in particular experiences

they both depend upon the existence, the acquisition and the
utilization of knowledge (note the comprehension revolution!)

not knowledge in general but knowledge of particular
disciplines, domains of inquiry, topics, patterns, concepts,
and facts

In short, the very stuff of subject matter curriculum!

ren
er é
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C
u
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This 1s the model we don’t like

Science
Social Studies
Math

English Language Arts



A model we like: Tools by Disciplines

Language Tools

Academic Disciplines

Science |Social Mathe- | Literature
Studies | matics
Reading
Writing
Language




Farly: Tools dominate

Language Tools

Academic Disciplines

Science | Social Mathe- Literature
Studies matics
Reading
Writing
Language




Later: Disciplines dominate

Language Tools

Academic Disciplines

Science |Social Mathe |Literature
Studies |matics
Reading
Writing
Language




Weaving

Whiting

Reading —

Language



So what 1s the bottom line in the science-
literacy interfacer

Read it
In any order and
Write it any
Talk it combination...
In every order and
Do it every
: combination!
Do It
Talk it
Write it
Readit



How to Ease the Literacy-Science Tensions in the Current
Educational Context

= Literacy Is eating up the
school day-it has become
the curricular bully

- Literacy doesnot
science off the curricular stage i
can become a curricular @ay @




